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SPECIFICATION 



1. Title of the luventton 

Mobile-Object Communication System 



2 Scope of Patent Clainis 

rn A mobile-object conmuuication system characteiized as foUows: i,i a mobUpbject 
coLnun^c^tion system composed of a «ae-switcbmg system consisting of a staUonanj tennma 
a^rrse station as ^veU as a mobile object equipped with 3 GPS recerver and mobile-object 
T^XL equipment, the mobile object transmits its position, ^vbich is <l;-duUt W 
8«d GPS receiver. &om the said mobae-object communication eqmpment; the said stationary 
^nninal and base station receive the said mpbUe object's physical (geographical) V^f^^ 
tJemobile object's physical posiiiou is detenuined, il is used to svv.tch the physically determined 
in-range «one for the mobile object. 



3. DetaUed Description of the Invention 

(a) Field of Industrial Utilization 

This iuveution concerns a GPS system to be implemealcd globaUy as weU as a mobUe- 
object communication system that controls zones usiog a ^one switchhig system for car 
telephones, teletenninals, etc. 

(b) Prior Art 

For commonica...a vdth such mobUe objects as car telephones, portable telephones, and 
teletennmals. a zone switching-based mobUe-object communication system is used to allocate 
many subscriber lines and use frequencies efficiently. 

In this zone switching method, the service area is divided into many areas caUed zones, 
and a terminal station is provided for each divided zone. Here, frequencies can be '--^ b';"'^^^ 
zones are separated far enough to prevent bterference at a gn^en frequency. As a result, 
frequencies can be used efficiently, and the number of allocated circuits can be increased. 
An example of this zone method is shown iu Figure 3. 

In Figure 3. (a), (b) and (c) are models of the one-service-area, one-zone method, the 
medium-ione method, md Uie small-zone method. lespectivcly. 

In the figure, circle 21 indicates the service area. I-he rones are hexagonal, for example. A. 
B. C, and D are the mobUe-object communication frequencies used in the zone. 
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In rieUie 3(a) the service area consists of only oae ^o.ie. so fiequeucics A, D. C, and D 
.„ aU used.^ Flgur;* 3(b) and 3(c). adjacent zones have diHcrent frequences (A. B. C. D) to 
prevent interference. 

number of avaUable circuits for each of the said melbods is computed below. 

Assuming a 10-channel circuit is aUocated per frequency (A, B, C. D). the totals are as 
follows: 

• One-sex-vice-area, one-zone mcihod 

10 X 4 = 40 channels 

• Qne-service-area. medium-zone method 

12 X 10 ■= 120 channels (including parriaUy out of aiea) 

• One-service-arca, small-zone method 

20 X 10 = 200 channels (including partially out of area) 
Widx smaUer zones, the frequencies can be reused, Uiereby ensuring many circuits. 
In a mobile-object commumcation system, therefore, it is desirable to reduce the zone 



area. 



(c) Problems ITiat the Invention is Intended to Solve 

me foUowing two systems are required to im,,lemcnt a mobUe-object commumcation 
system that uses such a zone-swildung method. 

( 1) System for detecting the position of a mobUe object 

(2) System for inter-zone conuol during mobile-object movement 
These two systems are described below. 

(1) System for detecting the position of a mobUe object 

Because the mobUe object transnuts and receives, it is uccessa^ to determine its current 
in-range zone. 

Below, this system will be explained for a car telephone, 
reception. 

Orx the other hand so that it can confmuously receive during reception the mobac-ebject 
station c^n^uoX ml;ors the terminal station's transn^sion si^al Similar y. rts o- ^"-Ke 
^teTs deieli,xed using the field intensity. After the In-raoge zone changes the zone shift si^ 1 
^sli^t noting the base station of the zone shift. At the base station, this signal triggers the 
erc^^raS^l^f tl^e mobUe station's position, allowing the mobile object to be called at any tm.e. 
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la this manner, the base station can always detect the iu-rauge zone of the mobile object 
when it transmits or receives, lljis system enables communication by allocating frequencies in a 
zone. 

(2) System for zone' control during mobile-object movement 

In the zone switching method, particularly in the srxiaU-zoiie method, it is possible that the 
mobile object will move duiing transmission or reception (during circuit couimunication) and 
cross into another zone. As a result, it is necessary to use a system that noaiutains an unbroken 
circuit, even after the zone changes. This system is called Inter- zone control 

The in-rauge zone terminal station decides that a mobile object has anived at a zone 
border vAen the hitensity of the field received from the mobile object drops. Adjacent terminal 
stations detect the field hitensity, and the station with the strongest field intensity is chosen as the 
next in-range zone. Then the channel is switched to maintain the citcuit. 

In this system, even while a mobile object moves across several zones, an unbroken circuit 
is maintained^ thereby enabling Gommimication. 

In such a system that controls the iu-range zone, the foUov^g problems occiur: 

(i) A directionless scalar value called field intensity is used when detennming the 
mobile object's position and the in-range zone. As a result, v^dthout knowing the mobile object's 
definite position, it is necessary to receive at all termmal stations capable of reception, llien the 
in-tauge zone station is deteimined by measiiring the field Intensities and then conapariog the 
results of these measurements. 

Next, Figure 5 will be used to explain what happens when tJie reception field intensity 
drops while a mobile object moves. This figure is a model of field intensity distribution. As a 
general mle, the field intensity distribution is equal in concentric circles on the plane of a map 
(when the iransceiveT antenna is omnidirectional). So, the circles of zones (a) - (i) in the figure 
indicate the field intensity regions where transmission and reception axe possible. 

In zone (a), circle 22 is the region of strong field intensity, and the cross-hatched area 23 
is the region of weak field intensity. 

When the mobile object crosses into another zone while niovlng, the field intensity drops 
and the system switches to the next in-raugc zone station, thereby maintalnh^g the ciicuit. When 
the field intensity is itieasured using a ground-based antenna, however, the field intensity drops 
due to the presence of a screen, a propagation path problem, multiple paths, fading, etc. This 
region (le.» the weak field hitensity region) is the mdeterminately wide region 23 in the figure. 

As a result, when the field intensity drops at a termhial station and control Is switched to 
the termhial station for the next in-range zone, the mobile object is at some unknown position 
within the shaded area of the weak field intensity region 23, So, the field intensity is ineacaiTed nt 
all adjacent zone terminal stations (m this example, the eight zones (b) - (i)), and the results of 
these measurements arc compored. The determination of the new m-range zone imposes major 

* Translator's noic: This is "inter-zone"* in previous text. 
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burdens ou all adjacent zoue stations^ such as the allocation of cliaiinels f or the new in-rajige zotie. 
These burdens result because it Is ujiclear whicli adjacent zoue statiou the mobile object is 
currently near and whether or not the mobile object is moving. 

(ii) As meutioued in problem (i), the field intensity varies due to screens, propagation 
path problems, fading, multiple paths, etc. As an example, the fading data for a car telephone are 
shown in Figure 4. These data are for an automobile's travel through, about 10 m of an urban area. 
Hie received field intensity is expressed in decibels. 

Because this always produces large variations in field intensity, there is a risk of selecthig 
the wrong zone, for the following reason. In weak tield intensity regions (paiticularly at zone 
bouudarics), even if the mobile object is in b*range ^oue (a), au adjacent zone statiou may decide 
that the field Intensity js weak. 

I>uriQg intex-zouc control, however, while a mobile object moves between zones in the 
sequence (a) (b) -> (a) (b) (for example, at zone boimdaries), the station with tlie maximum 
reception field intensity also changes in the sequence (a) (b) (a) (b), and the hi-range 
zone also changes in the sequence (a) -> (b) (a) (b). This is generally called the fluttering 
phenomenon. 

However, as in the previous exanq>le, when the mobile object moves at the peripliery of a 
zone where the field intensity is comparatively weak, the field intensity fluctuates due to lading, 
screening, etc., even though the mobile object remains in the same zoue, so there is a risk of this 
being regarded as the flutteiing phenomcuou. As a result, because the mobile object is in the same 
zone, it is necessary to set up and control a circuit channel in both zoues, eveu though the circuit 
channel should be handled only by station (a). This results in such problems as a drop in radio 
wave utilization efficiency and an incren5;e in the control station load. This phenomenon may be 
exacerbated if either the zone sl^e or the transceiver power is reduced. 

Cousideiing tliese problems, this invention aims at providing a inobile-^object 
communication system with in-range control that is more accurate, provides simpler control, and 
improves radio wave utilization efficiency. To this end, the in-range zone is determined and the 
direction of motion is obtained by providing directly the mobile object's physical position (latitude 
and longitude), without using field intensity values, which lack direction and measurement 
stability, when the mobile object's position and in-range zone are bemg detenniued. 

(d) Means of Solving the Problems 

This invention has the following structure. In a mobile-object coxmiiiinication system 
based on zone switching, the mobile object demodulates using a GPS receiver, and the obtained 
position Infoimation is transmitted to a stationary terminal and base station. The position of the 
mobile object is determined from this phy?;lcai infomuition, mid the in-raiige z.onc is dct^rmiitcd, 

(e) Function of the Invention 

In this invention^ the in-range zone is determined by allocating lemihial statiou zoues, 
which are predetermined physically (geographically), based on the mobile object's physical 
(geographical) position information, taking into consideration radio wave propagation, etc. 
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urd^ ^c tocr-^oc. c«..r«l is suupUfled and radio wave «e ut.l«ed eff.ct.v,ly, 

B«.«s. . mobU. object's posUioa can be conamed co,.uuuoasly a.d wiU, higU prec.«oa. 
U« sya» r.^o be .«d .o oou«ul the motion of l»dKHdual mobiie objects 

(f) Examples 

An example of this uiYMtion is shown in Figure 1 . - 

In the figure 1 is the mobile-object commmication e.uupment. 2 is teuuiaal statiou (a). 3 
is .ern^^t:^^^l^^ 4 is the — e. for the .obUe-ohJect co_t,ou sy^en. 

13 aad 14 are wires comiectlng the controller 4 with terxnlnal stRlions (a) and (b) (2 and 
3) respectively. TTiese wires cany lemunal-station control signals. 

Tl.e structure of the co,xnuumcation equipmo^t will be explained next. Tl^e -ObUe-^^^^^^^^^ 
.^re^uip^ent 1 j;:;^- ^ ^ ^^^^^^^^^ 

antediws9 and Irrespectively. 

i, ,h. figoie. .b« "*io wave 15 is the wave (6e,ueaoy) wia. .h. iU,«mcy used for 
comimuioationvntli lie mobile object. 

U^ug Uus example, the operatioa of .be mobile-object communiCioo system vnU be 
explained below, . . , 

First; the mobUe-objcct coaununication equipment 1 detemohxes its physical posUton 
(latitude, longitude) using the GPS receiver 5. 

TTic stnicture of the GPS receiver 5 is as foUows. 

yiU ohiect's uosition is determined using a global positioning system 
At present, a mobrie object s posiuon is u Z^,rr^ aUows one to deteruune 

(GPS) that uses anificial satellites that transmit rmcrowaves. Ihis system aUows 
his of her position with high precision, anywhere on earth. , , , , 

Furthermore, the mobile object contains a GPS ^^-^^\^^\~,^^^ 
signal fcomUie artificial satelUte (GPS satellite). The lautude. longitude, and altitude 
receiver are determined geometrically with high precision. 

h. the GPS, GPS satelUtes are launched so that at least four ^^^y^;^^^:^ 
goundou the other hand^mobU^o^^^^^^ 

GHz) signals received at the GPS receiver rrom _f ti,c radio waves sent 

satelite to the mobile object is determined usuxg ^J^^^J^^J^^J^Vs^^^^ equatious 
from the satellites. The mobile object's posmon is computed ^"^^f j^' . . 
u^gls data. (See the December 1984 issue of ElecUon.cs, pubhshed by Ohm-Slia.) 
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The position data obtaiued using the said GPS teceiver 5 is traiisiuined as tUe current 
position of the mobile object, via the mobUe-object cotumimicafioo equipment 1 to the terminal 
station (a) 2. Either the mobUc-object couimunication system controUer 4 or the terminal 
controller 10 in iJie tertninal station (a) 2 confirms that the mobUe object's in-range zone is that «f 
tennmal slauon (a) 2. based on the tenninal station's zone iirfonmtion. wHch is predetermined 
physncaUy (geographically) using radio wave transmissions, and based on the physical 
(geograpluoal) position of the mobUe-objea communication equipment. TTie confirmation is 
registered, and the terminal station (a) 2 takes over transmission and reception. 

If the in-range zone becomes temiiiial station (b) 3 while the signal is leceived by terminal 
stauon (a) 2, the m-range zone is confirmed to be teiniinal station (b) 3, and terminal station (b) 3 
takes over reception. Figure 6 is a flow chan sho>ving an example of such connection control. 

In the flow chart, the left side shows the mobUe-objecl comumuicatiou equipment and Uie 
nghl side shows the base control station's opftration process. 

Tlie GPS receiver 5 buUt into the mobHe^object communication equipment 1 continuously 
peifeims GPS leceptiou (24). confutes the mobile object's position data (25). and supplies the 
position data to the mobile-object communication transceiver 6. 

When the mobUe-object communication transceiver 6 is turned on. it receives the teiminal 
station code for the m-range zone's control channel (26). If it diflers, the transceiver sends and 
(28) md receives (29) its own ID code and position signal, accordmg to the commmiication 
procedure. At the controUer 4 side, the controlling terminal .station is determined (31) (32) usin* 

ninnn er^ the controllijig lerminal station is dcieiniiucd 
contmuaUy based on the physical position, and the code for this terminal equipment is registered 
in the mobile-object communication equipment 1 (27) (28) (29) (30). 

During reception and transmission (33). a connecilou is eslabhslied (34) (38) accordmg to 
the ground-station connection procedm-e. At the mobUe-object communication equipmem 1 the 
commiuncation contents, including the position iufonnatlou. are exchanged (36) (39) mttil the 
switch command araves. At the controUer 4. the in-rauge zone is determined (40) based on the 
posuion infonnahon. When switchmg zones, the next zone is dctermmed (41) the channel is 
detenmned (42). and the switch command, etc, (43) are issued. In this manner the system 
controls zone svvitchmg. based on the physical position, After the switch command is issued the 
mobUe-object communication equipment and the ground station are connected to a new tenirinal 
station, accordmg to the connection procedure (37) (34) (38). 

During Uiis operation, the foUoxvuig are verified, thereby solving conventional problems: 

mobile-object position detection and in-range zone detcimiuation during motion ® 
• incorrect in-range zone dcterminatiou (D 

® In this invention, in order for the terminal staUon (a) 2 to detciiniue the physical 
loca ion Of the mobde-object conmxunication equipment h it is not necessary to use a complex 
position-detection process in which aU sunomidii^g stations receive and coiiq,arc all field int^sity 
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4 Brief Explanation of the Drawings 

r * .n pvimnle of the mobUe-object commimicadou 
vimire 1 is a configuratiou diagram lot an example oi me muuu j 
Figure 1 a soimgux* !lnfiBuratiou diagram of a concrete example ofthe mobile 

system of this invenUon. Figure 2 Is a ^^'^B'^f ,„obUe-object communlcatiou sj-steza 

object. Figure 3 is J dia^am of a ^^^'^^^^^^^^^ intervals in an urban «rea. 

connection control in tbe mobUe-objcct communioation systeni 
The drawings consist of the follo>%Tng components: 

1 Mobile-object communication equipment 

2 Terminal station (n) 

3 Terminal station (b) 
ControUer for mobUe-object communication system 
GPS receiver 6 Mobile-object communication transceiver 
GPS antenna 8 MobUe-object communication antenna 

9 Terminal-Station (a) antenna 

10 Terminal-Station (a) transceiver and teiminal coiitroUer 

11 Terminal- station (b) antenna 

12 Tciminal-station (b) transceiver and terminal coutroUer 

13 Wire-based transmission path (a) 

14 Wire-based transmission path (b) 

15 Radio wave 16 Automobile 
17 GPS antenna 18 Navigation system 
19 Mobile-object communication equipment 

MobUe-objea cominunicatio-x equipment antenna 
Service area 22 Strong electric field region 
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20 
21 



23 Weak electric field region 
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The directioa of motion (ie., llie new in-range zone termmaJ stntion flifti lakes charge 
next) can be coofirmed definiiely during inouon, itereby eliniiimttiig ilie process of tneasming and 
comparing the field iutetisity levels in all adjacent rones and rcciulting channel preparation only for 
the new in-range zone's expected terminal station. Because iiifnnnatjon processing ako reveals 
when the mobile object will anive in a new zone, it Ls possible to perform finer multichannel 
access, thereby increasing the acce$$ efficiency. 

(2) Tlie GPS receiver detemines the physical location witli an eiTor of severat tens of 
meters, thereby completely cliininatbg the mistaken switching to another zone, even at a zone*5 
boxmdary or periphery. When Small zones are used, the boundary region increases, so more 
mobile objects actually come and go between zones. However, dependiag on the database of the 
objects* speed and direction of motion, the sigti^ processing software may allow overlap between 
zones, so it is also possible to use au efficient access method that forbids channel switching, etc. 

In this mobile-object conomunication equipment 1, the GPS receiver S and mobile-object 
communication transceiver 6 are showti as integrated, but they may be separated, and the GPS 
receiver S may have separate operation and display fimctionality. Position information may be 
transmitted eitlter continuously or intermittently, as appropriate for the system. 

The second example is shown in Figure 2. 

Here, the mobile-object communication eqxiipinent 19 is configured difTeicntly. Of the 
mobile^object communication system, only the mobile-object communication equipment is 
displayed. 

In this example, 16 is the automobile; 17 is the GPS antenna; 18 is tlie nnvigation system, 
including GPS receiver; 19 is the mobile-object communication equipment; and 20 is the antenna 
for Gonmuiiilcatlon equipment 19. 

Although the basic operation of this exan^le is identical to that of the first cxnutple, tlie 
automobile*; navigation system 19, which is equipped wiUi a map display, etc., is also used for 
zone control (switching) in the mobile-object conmiunicatioa system. Because this navigation 
system 18 contains a GPS receiver, latitude and longitude can be determined. By transmitting this 
data to the mobile-object comxaunication equipment 19, it is possible to form simple mobile- 
object communication equipment 19. 

(g) Effects of the Invention 

In the zone switching-based mobile-object comnnmicntion system of this invention, tlie 
mobile object's zone is controlled at physical (geogiapliical) ix^sition vvliete the GPS receiver is 
used. 

As a restilt, the mobile object's position is known uuambiguously, so it is possible to 
improve access efficiency by precisely determining the terminal station and switching teiiuiual 
stations during iuter^zone motion. It is also possible to eliminate the burden on other teiiniual 
stations. Also, mcoiiect zone operation is eliminated, and it h j)ossible to deal effecthely with 
fluttering. 
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Figure 2 
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Figure 5 



Key to Fig. 5 
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Figure 4 



Key to Fig.^ 

a Reception Level (dB M ) 
b Distance (m) 

c Reception Level VaHation (Instantflueous Value) ftt ShoH lutervaU iu «m 
Urban Area (Using a Level Surface and an Omnidircctioual Antennfl) 
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Figure 6 



1 Mobile- object commtmicatiou equipment 

2 GPS receiver 

3 Mobile-object transmitter 

4 Power on 

5 Transmission and reception 

6 Receive? 

7 Send? 

8 Ground control station (including terminal station) 

9 ID position 

10 Terminal-station decision 

11 Connection-procedure signal 

12 Communication position 

13 (using ground control station*s database) 

14 Switching-procedure signal 

24 GPS reception 

25 Position detemunation (latitude and longitude) 
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26 Control-channel reception 
Registration uecessarj'7 

28 113 position transmU^ion 

29 Tci-zuinal-station receptinu 

30 Registration 

3 1 Pliysical-positioxi rcceptiou 

32 In-chaxge teiminal-station detemilnation 

33 Reception and transmission 

34 Ground-station councction 

35 Switch and connect 

36 CaU 

37 Switch 

38 Mobile^ station connection 

39 Connected 

40 Position in in-range zone? 

41 Determination of next zone using mobile-gbjeci's position 

42 Determination of next zone channel 

43 Switch command 

44 End 
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